Experimental procedure
Calibration mixtures, with deuterium relative ratio up to 50%, are prepared by mixing known masses of distilled water and 99.8% heavy water supplied by Eurisotop. 4 ml of each solution is poured on a horizontal ZnSe cell. The acquisition of the spectra is performed with a Perkin Elmer FT-IR 1725X spectrometer.
Deuterium quantification in H 2 O+D 2 O mixtures
As shown in figure 1, the infrared spectra of a H 2 O+D 2 O mixture displays five absorption peaks: 3360 cm -1 (O-H bond stretching), 2500 cm -1 (O-D bond stretching), 1650 cm -1 (H 2 O bending), 1450 cm -1 (HDO bending), and 1210 cm -1 (D 2 O bending). The transmission is the ratio I/I 0 , where I 0 and I are respectively the intensity of the IR radiation before and after the sample. The actual position of all peaks, as well as their intensity (minimum of transmission for the considered peak), depends on the deuterium concentration. The most reliable relation between isotopic composition and peak's intensity is obtained by considering the O-D bond stretching peak. Figure 2 shows the calibration curve representing the peak's intensity versus the deuterium percentage. Such a curve obviously depends on the cell used for spectra acquisition. This calibration curve allows to measure the deuterium concentration, from 0.32 to 50%, with a relative uncertainty of ±2%.
Effect of hydroxide content on the infrared spectra
Curve b in figure 3 shows the influence of a sodium hydroxide addition in the H 2 O+D 2 O mixture. Hydroxide ions cause an increase of the infrared absorption. Correspondingly, the peaks intensity and the background are shifted to lower transmission values. The calibration curve obtained with neutral mixtures is therefore useless.
Effect of acid addition
Molar hydrochloric acid is then added to the basic solution, until an acid value of the pH is reached. Curve c in figure  3 shows the corresponding infrared spectrum. As the hydroxide ions concentration is negligible, and as the hydronium ions cause no additional absorption, the background is identical to that obtained for neutral mixtures. Moreover, because of the hydrochloric acid addition, the deuterium percentage in the solution decreases. That is the reason why the peak intensity decreases in a significant way.
Experimental procedure for the determination of deuterium concentration in a basic solution
A volume of hydrochloric acid, Va, is added to a volume, Vb, of the basic solution containing deuterium in order to obtain an acid solution. Let X be the deuterium molar ratio in the basic solution. Pure water contains 111 mol l -1 of hydrogen. We consider that a basic solution contains the same concentration of hydrogen atoms. In this case, the hydrogen atoms are in water molecules as well as in hydroxide ions. So, the basic solution contains 111Vb × X moles of deuterium and 111Vb×(1-X) moles of hydrogen. On the other hand, we also consider that the hydrogen concentration in a hydrochloric acid solution is 111 mol l -1 . So, a volume Va of this solution contains 111Va moles of hydrogen. The total amount of both isotopes in the mixture is then: 111Vb×X moles of deuterium, and 111(Va+Vb × (1-X)) moles of hydrogen, that is 111(Va+Vb) moles of both hydrogen isotopes. The isotopic molar ratio of deuterium, Z, is then:
This isotopic ratio of the acid mixture, Z, is measured using the calibration curve (figure2). Then, X is calculated using equation (1) . A wide number of measurements using basic mixture of given isotopic compositions, prepared by mixing the range 0.32-50% of deuterium were performed. The relative uncertainty of the method is the same for basic solutions than for neutral ones, that is ±2%.
Conclusion
The measurement of the O-D bond stretching peak intensity by ATR infrared spectroscopy appears to be a well adapted method to measure rapidly the deuterium content, of a basic solution, in the range 0.32-50%, with a relative uncertainty of ±2%. Moreover this technique requires only a small volume of solution (about 4 ml) and then can be used to follow the isotopic enrichment of deuterium during electrolysis.
